M\Iicroscopic lesions interpreted as representing early atherosclerosis were found in the aortas of most suckling rabbits. This is a period characterized by relatively high plasma lipid levels. In the postveaning period the lesions regressed. Fresh lesions reappeared in a significant number of adult rabbits of both sexes. Correlation with plasma lipid levels in the adult is less conclusive.
postveaning period the lesions regressed. Fresh lesions reappeared in a significant number of adult rabbits of both sexes. Correlation with plasma lipid levels in the adult is less conclusive. T HERE exist a few reports of the spontaneous occurrence of grossly visible lipid accumulations in the aortic intima of rabbits. Ophuls1 reported a single case, that of a "large, healthy, Awell-developed female raised in the country." Nuzum and co-work-ers2 reported six cases among 190 old rabbits that had been used for the standardization of insulin and as "control animals in various experiments." Photomicrographs in both reports clearly indicate that these were instances of rabbit atherosclerosis. But Duff,3 in a critical review, discredited these cases because of the uncontrolled factors involved, and concluded that there was no positive evidence for a spontaneous form of the disease. The only other relevant report that could be found is that of Solowj ew4 from Anitschkow 's laboratory. He examined microscopically the ascending aortas of 10 suckling rabbits 35 to 48 days old, and found sudanophilic material in the intima in six animals. Five control animals six to eight weeks after weaning showed no stainable lipid.
The occurrence or nonoccurrence of spontaneous atherosclerosis in the rabbit is of importance for several reasons. Its purported absence has been cited as evidence of dissimilarity between the rabbit and the human forms of the disease. Its unrecognized presence could lead to false conclusions concerning the pathogenesis of the experimental form ofthe disease.
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It is for these reasons that the following report is made.
MATERIALS AND METHODS
All animals examined in this study were born and raised in the rabbit colonv of the National Institutes of Health, and were from a well established strain of New Zealand white. The young customarily remain with their (lam for eight weeks, during the latter half of which time they gradually wean themiselves to a diet of pellets. These are manufactured to specifications from vegetable sources only. * Analysis of one sample yielded: moisture 8 per cent, protein 20 per cent, fat 3.6 per cent, fiber 10.3 per cent, and ash 7.7 per cent.
All bleedings for lipid analyses were performed in the nonfasting state with heparin as the anticoagulant. The bloo1( was centrifuged for 30 minutes at 2500 revolutions per minute, and the plasma extracted in 95 per cent ethanol-ether (3: 1). The residue remaining after evaporation of the solvents was then re-extracted in petroleum ether-ether (7:1), and the several lipid fractions determined in aliquots of the latter: free and total cholesterol by the method of Schoenheimer and Sperry5; lipid phosphorus by a modification of the method of Fiske and SubbaroW6 (lipid phosphorus times 25 equals phospholipid); and triglycerides by a colorimetric method recently (lescribed.7
The animals were killed 1w decapitation or by air embolism. The heart and aorta were remuove en bloc and the latter irrigated with 0.9 per (ent saline solution. Following formalin fixation, the aortic arch was carefully stripped of its adventitia, wlashed for five seconds in 95 per cent ethanol, and sectioned with the freezing microtome. As an added l)precau-tion in eliminating artefacts, the microtome blade was washed frequently with ethanol. It has been repeatedly observed in cholesterol-fed rabbits that grossly visible lesions first appear in specific areas, among which are the mouths of the great vessels. Therefore, in each case sections were cut through the aorta at the origin of the common carotid. By cutting tangentially, sections with characteristic configurations resulted, so that the exact site of each could be readily identified. The illustrations which follow are all of the aortic surface about the mouth of this vessel. The sections were stained routinely with oil red 08 and hematoxylin and in some cases for cholesterol by the method of Schultz.9 A total of 63 rabbits has been so examined.
FINDINGS
No stainable lipid was found in the aortas of six fetuses removed near term from two mothers, nor was any found in the aortas of two rabbits killed approximately 12 hours after birth. But focal deposits of sudanophilic material were clearly seen in the aortas of the one rabbit killed at 1 week of age, in two of three rabbits killed at 2 weeks, in two of three rabbits killed at 3 weeks, and in all of five rabbits killed at 4 weeks of age. The lipid was present both within the endothelial cells and, in a more finely divided form, within the intercellular matrix of the underlying intima. Figure 1 (rabbit 420) illustrates a lesion in a 4 week old rabbit.
The plasma of several of these young suckling rabbits was examined. The fetal samples were clear, but in all cases after birth they were visibly lipemic. Chemical analyses, showing that all lipid fractions are significantly elevated compared with the adult, are presented in table 1.
Several specimens of rabbit's milk, obtained by stripping, were analyzed. The cholesterol content, all in the free form, averaged approximately 50 mg. per 100 cc.; the phospholipids, 150 mg. per 100 cc.; and the triglycerides, 12,000 mg. per 100 cc. There was no significant difference between samples collected within 24 hours of delivery, or at one, two, or three weeks thereafter.
Of eight males killed at 8 weeks of age, during all of which time they' had been with the dam, the lightest animal in weight (1420 Gm.) showed no stainable lipid, whereas the heaviest (2180 Gm.) showed a significant deposit, as illustrated in figure 2 (rabbit 397). Among the others also, there was a rough correlation between body weight and the amount of lipid seen, suggesting that the most aggressive and persistent sucklings developed the most extensive lesions, while the smaller animals presumably resorted at an earlier age to the pellet diet.
Thirty-five additional animals were examined at intervals ranging from two and one-half weeks to three years after weaning. The results are presented in table 2, and show that the lipid deposited during the suckling period tends to disappear in the weeks immediately following weaning. It disappears first from within the endothelial cells and more slowly from the interstitial matrix of the intima. Most animals examined between two and six weeks after weaning showed no lesions, but in a significant number some lipid persisted in scattered areas within the intima, as illustrated in figure 3 (rabbit 416). The method of removal, either from the endothelial cells or from the interstitial spaces, remains unknown.
It is of some interest that the plasma lipid levels in these young, rapidly growing animals fall to normal soon after weaning. Two animals weaned at 6 weeks of age had normal values for all fractions one week later. This rapid fall is in marked contrast to the behavior of four adult animals in which moderate degrees of hypercholesterolemia (133 to 214 mg. per 100 cc.) were attained by feeding a 0.1 per cent cholesterol diet* over a six week period, after which time six additional weeks elapsed before the plasma cholesterol levels returned to normal.
Whereas the lipid deposits of the suckling period tend to disappear in the weeks immediately following weaning, the data in table 2 indicate that fresh lesions may reappear at any time thereafter. The duration of "adolescence" in these rabbits is unknown, but full sexual maturity usually occurs by 16 weeks of age. * The cholesterol is dissolved in ether, which is then shaken over the pellets. When the ether evaporates, the cholesterol is left in an amorphous, noncrystalline state. For the rapid production of hypercholesterolemic plasma, the concentration is raised to 1 per cent. Plasma cholesterol levels rise abruptly and grossly visible atherosclerosis develops uiniversally. Because it occurred in a female in the twentyeighth day of pregnancy (normal gestation period 30 days), two others in the same state were examined. One showed a definite lesion; the other showed none. There are, however, sufficient examples in table 2 to show that fresh lesions in the adult are not limited to the pregnant female.
In only a few cases among the adult group were plasma lipid levels determined, so that no statistically significant correlation with the presence or absence of lesions is possible. In the case of two rabbits, however, both non-tional levels were relatively high. Resorption of lesions is a slower process in the adult than in the postweaning period. An objection might be raised that the lipid deposits observed in these rabbits bear no relation to the classic form of experimental atherosclerosis produced by prolonged feeding of cholesterol and characterized by grossly visible lesions containing foam cells, cholesterol crystals, and fibrosis. Such an attitude has occasionally been expressed regarding the "fatty streaks" seen in infants and children in relation to the adult form of the human disease. For this reason, several rabbits in the postweaning period, when spontaneous lesions are least likely, were pregnant females of the same age, plasma levels were determined on seven occasions over a period of four weeks prior to death. It was fortuitous that one showed consistently low lipid levels and the other consistently high levels. Details are presented in table 3. At necropsy the rabbit with the low levels showed no lesions, whereas the animal with the relatively high levels showed small focal deposits of sudanophilic material. That single determinations may be misleading is illustrated in the case of rabbit 533, which showed the most extensive adult lesions and yet had very low plasma lipid values at death. This animal was killed in the last week of pregnancy, a period characterized in the rabbit by extraordinarily low lipid levels. It is possible that her pregesta-placed on the 1 per cent cholesterol diet and killed from 7 to 14 days later. Lesions indistinguishable from the spontaneous form of the disease, including lipid accumulations within endothelial cells, were universally present. The conclusion, therefore, appears warranted that the difference is one of degree only.
Failure to recognize these spontaneous lesions has apparently led to misinterpretations of the histogenesis of the experimental form of the disease. Duffs illustration,10 for instance, of the earliest lesion found after feeding cholesterol in olive oil bears a striking resemblance to figure 3 of this paper, which illustrates a niormal rabbit six weeks after weaning, and is presumably a late, not an early lesion. Duff did not give the age of his rabbit, but stated that he intentionally used young animals. It is also possible that claims made regarding the appearance of microscopic quantities of intimal lipid following the intravenous injection of cholesterol sols should be re-examined. The fact that atherosclerosis develops apparently universally in suckling rabbits in the presence of plasma lipid levels elevated for the rabbit, but within the normal human range, is of interest. In view of recent suggestions" 12 that a ratio of cholesterol to phospholipid in excess of unity may be of significance in the pathogenesis of atherosclerosis, it is noteworthy that in the suckling rabbit this ratio is below unity.
The apparent fact that fresh lesions do not develop between weaning and sexual maturity, and the established fact that they may appear in adult rabbits of either sex, remain unexplained. They may possibly be produced by transient periods of mild hypercholesterolemia -for the rabbit.
SUMMARY
The findings of Solowjew have been confirmed and extended. Suckling rabbits universally develop focal deposits of sudanophilic material in the aortic intima. This occurs in the presence of elevated plasma lipid levels. During the weeks of rapid growth immediately following weaning, the lipid deposits usually disappear completely. In the sexually mature rabbit of either sex, new lesions may reappear, presumably at any time. As these spontaneous lesions are identical in distribution and in histologic appearance with those produced in the first weeks of experimental cholesterol feeding, they are interpreted as representing early reversible lesions of rabbit atherosclerosis.
The importance of recognizing the spontaneous form of the disease, both in evaluating the significance of rabbit atherosclerosis in rela- tion to the human form of the disease, and in interpreting findings following investigative procedures, is discussed.
